It was recently discovered that the mean dark matter surface density within one dark halo scale-length (the radius within which the volume density profile of dark matter remains approximately flat) is constant across a wide range of galaxies 1 . This scaling relation holds for galaxies spanning a luminosity range of 14 magnitudes and the whole Hubble sequence 1-3 . Here we report that the luminous matter surface density is also constant within one scale-length of the dark halo. This means that the gravitational acceleration generated by the luminous component in galaxies is always the same at this radius. Although the total luminous-to-dark matter ratio is not constant, within one halo scale-length it is constant. Our finding can be interpreted as a close correlation between the enclosed surface densities of luminous and dark matter in galaxies 4 .
It was recently discovered that the mean dark matter surface density within one dark halo scale-length (the radius within which the volume density profile of dark matter remains approximately flat) is constant across a wide range of galaxies 1 . This scaling relation holds for galaxies spanning a luminosity range of 14 magnitudes and the whole Hubble sequence [1] [2] [3] . Here we report that the luminous matter surface density is also constant within one scale-length of the dark halo. This means that the gravitational acceleration generated by the luminous component in galaxies is always the same at this radius. Although the total luminous-to-dark matter ratio is not constant, within one halo scale-length it is constant. Our finding can be interpreted as a close correlation between the enclosed surface densities of luminous and dark matter in galaxies 4 .
As a result of mass modelling using a Burkert dark matter halo 5 , the density profile of which is defined by a constant central density r 0 , and a scale-length (or core radius, at which the local dark matter volume density reaches a quarter of its central value) r 0 , the product r 0 r 0 has been found to be the same for all galaxies 1 : 141 z82 {52 M 8 pc {2 , where M 8 pc {2 means solar masses per square parsec. The mean dark matter surface density within r 0 , AESae 0,dark , is then also constant when defined in terms of M ,r0 , the enclosed mass between r 5 0 and r 5 r 0 : S h i 0, dark~M v r0 pr 2 0 < 0:51r 0 r 0~7 2 z42 {27 M 8 pc {2 . We note that the mean surface density as defined above is also proportional to the gravitational acceleration generated by the dark matter halo at r 0 , which is also universal: g dark r 0 ð Þ~Gp S h i 0, dark~3 :2 z1:8 {1:2 10 {9 cm s {2 . We sought to understand the intriguing universality 1-3 of the mean dark matter surface density within r 0 (and therefore of the gravitational acceleration due to dark matter at r 0 ). Hence, we searched for the dependency with galaxy magnitude of g bary (r 0 ), the gravitational acceleration due to baryons (that is, luminous matter) at r 0 , and therefore also of AESae 0,bary 5 g bary (r 0 )/Gp, the baryonic mean surface density within r 0 . In Fig. 1 we plot g bary (r 0 ) and AESae 0,bary as a function of galaxy magnitude. As in the case of dark matter, these values are universal: g bary r 0 ð Þ~5:7 z3:8 {2:8 10 {10 cm s {2 . We note that, owing to deviation from spherical symmetry, the error bars on AESae 0,bary should be increased by at most 0.1 dex (decimal exponent, which is the unit of the logarithmic scale) in Fig. 1 , but not the error bars on g bary (r 0 ). This is therefore a new scaling relation relating baryonic parameters to dark halo parameters. Together with the universality of the dark matter surface density within r 0 (ref. 1), it means that the baryonic-to-dark matter ratio is also universal within r 0 . Our sample contains both small dark-matter-dominated dwarf spheroidals and large late-type spirals, so this finding is not linked with a possible universality of the total baryonic-to-dark matter ratio within the sample. Neither does this result mean that the baryonic surface density of galaxies is constant, a misconception that used to be known as Freeman's law.
Because the central surface density of baryons actually varies by about four orders of magnitudes within the range of luminosities spanned in this study 1 , our finding implies that the larger core radii r 0 of larger and more luminous galaxies compensate precisely for their larger baryonic surface densities to keep the same mean baryonic surface density within r 0 . Whereas the universality of the dark matter surface density 1 within r 0 implies that the central dark matter density r 0 is precisely anticorrelated with the core radius, this new result means that, for a galaxy of a given size, the central baryonic surface density is actually correlated with the core radius. A large central luminous density thus implies a large core radius, and in turn a small central dark matter density. This precise balance must be the result of some unknown, fine-tuned process in galaxy formation, because it is a priori difficult to envisage how such relations between dark and baryonic galaxy parameters can be achieved across galaxies that have experienced significantly different evolutionary histories, including numbers of mergers, baryon cooling or feedback from supernova-driven winds.
Another way of looking at this new relation is to say that the core radius of the dark matter halo is the radius beyond which the , and the two samples of spiral galaxies 3, 16 , which all together span the whole magnitude range probed in the original sample 1 . We excluded the galaxies that had uncertain values of g bary (r 0 ) owing to low-quality rotation curves, a low-quality fit, unrealistic stellar mass-to-light ratio (#0.1), a core radius much larger than the last measured point of the rotation curve, or poor sampling of the data. The error bars on the calculated g bary (r 0 ) were based on a combination of the uncertainties on the stellar mass-to-light ratio and on the derived core radii (see Supplementary Information for details) . The magenta triangles are the dwarf spheroidal galaxies 1 , the left green point is NGC 3741 (ref. 14) and the right green point is DDO 47(ref. 15) , and the empty red circles and filled blue triangles symbols are the Spano 3 and THINGS 16 spiral galaxies samples, respectively.
gravitational acceleration due to the baryons drops below a certain value, of the order of 6 3 10 210 cm s -2 (or log(g bary ) < -9.2, where g bary is in centimetres per second squared). It is thus tempting to relate our finding to the mass discrepancy-acceleration relation 4, 7, 8 , linking together the gravitational accelerations generated by the dark and luminous components at all radii in galaxies: other manifestations of this phenomenon are the universal rotation curve 9,10 (a parametrization of the rotation curves of spiral galaxies in which the rotation velocity depends only on radius and luminosity), or the radial Tully-Fisher 11 relation (a series of relations between luminosity and rotation velocity as a function of radius). Indeed, if the gravitational acceleration generated by the baryons is constant at r 0 , it is a natural consequence of this mass discrepancy-acceleration relation that the baryonic-to-dark matter ratio should also be constant within this radius. Put another way, the mass discrepancy-acceleration relation means that the enclosed baryonic-to-dark matter ratio at any radius is uniquely correlated with the average surface density inside it 12 .
To be more speculative, if we compare the effective dark matter profile predicted by the analytic form of the mass discrepancy-acceleration relation 7 with the enclosed mass profile of a Burkert halo 5 surrounding a point mass such that g bary 5 5.7 3 10 210 cm s -2 at the core radius, we find that the two profiles are very similar in shape. Moreover, this effective dark matter profile typically predicts a universal maximum gravitational acceleration generated by the dark halo 13 , of the order of 3 3 10 29 cm s -2 . For any Burkert halo the maximum acceleration is generated precisely at r 0 : from there, it then follows naturally that the gravity due to dark matter at r 0 should be universal and of that order of magnitude 1, 13 . Then, from this universal and maximal acceleration due to dark matter at r 0 , the mass discrepancy-acceleration relation (by definition) predicts that there is a universal gravity due to baryons at this radius, and thus a universal mean luminous surface density within it.
